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(84) Process for the productiori of incorporation of a phosphite. 

aromatic polyesters partfcularly en organic phosphite, 

during the reaction procedure. Molded 
articles made from these polyesters 

(57) The production of arontatfc have improved appearance and 

polyesterB is Facilitated by the exceirent properties. 
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SPECrFICATlON 

l¥ocess for the production of aromotio polyesters 

The present invention related to an Improved process for the producticn of aromatic polyesters. 
More partlculariy, it relates to a process for the production of oxybenzoyl polyestore of aromatic 
5 dicarboxytic acids, bisphenols and p-hydroxybanzoic add compounds as the atardng materials. 5 
It Is known that aromatic polyeater resins can be produced by various polymerization processes 
induding suepension polymerization and bulk polymerlMtlon. Of these, the bulk polyrtietlzation process 
is perhaps the most desirable process In terms of economy. However, since aromatic polyestBrs have a 
hloh melting point ds compared with aliphatic polyesters, such as polyethylene terephthalato, a higher 
10 temperature Is requiredto maintain the aromatic polyesters in a molten state. Consequently, the 10 
polymers ere often colored and deteriorated In performance. 

Much effort has therefore been expended on the development of e process which ellmmates the 
disadvantages discussed above and provides a polyester mofcflng material from which articles of 
pleasing end uniform appearance and properties can be obtained. 
1 5 The invention provides 9 process for preparing an aromatic pohrester which comprises the heat 1 5 
condensation of aromatic polyester precursors to form a prepolymer and thereafter advancing tho 
prepolymer to form an aromatic polyester having the required degree of polymerization, wherein a 
phosphite compound Is Incorporated Into the reaction prooedurs before completion of the 
polymerization. . . , 

20 According to the present invention, there can be produced an aromatic polyester having an zo 
extremely low degree of coloration and an excellent heat stability which has hitherto net bean 
obtainable by the conventional bulk polymerization. 

Preferably the phosphite Is added to the prepdymer melt prior to advancement of the final 
product to the desired degree of polymerization. i - 

The wholly eromatio potyestera towards whose production the present invention is directed 25 
preferably contain, as recurrent moieties,, at least one group selected from gioupa of the formulae: 



25 



XX 



XIZ 



30 whore X Is a direct bond, — 0 — , — S — ^ — CO—, 30 

— ^MH or — SO^ 
I I 

and n is O or 1 and the total of p+q4-r+s4-t-*-u in the moieties present is from 3 to 800. 

Combinations of the above units include union of the cart^onyl group of Formulae i, II, IV and V 

with the oxy group of Formulae I, III. IV and VL In the most general combination units of all the above 
35 formulae can be present in a single copoh^er. The simplest embodiment would be homopolymers 35 

consisting of units I or IV. Other combinations Include mixtures of units II and 111, II end VI, Ul and V, V 

and VI, and I and IV. ,^ 

The functional groups attached to benzene rings are pref erebly in the para ( 1 ,4) positions, but can 

be located in meta (1,3) positions. With respect to tho groups containing naphthalene rings, the most 
40 desirable locations of the functionei groups are 1 ,4; 1 ,5 and 2,6. but the groups can also be in the meta 40 

position to eech other. 

The symbols p, q, r, s, t and u are 0 or integers and indicate the numt>er of moieties present in trie 
polymer. The total (p+q+r+s+t-Ki) can vary from 3 to BOO and, when present, the retio of q/r. q/u. t/r, 
t/u. 

q+t Q+t t 
, and 45 



45 ' 

r r+u 



can vary from about 10/1 1 to about 1 VI 0 with the most preferable ratio being 10/10. 
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KwH«.!^ Of matenals from whkh the groups of Formula J may be obtain^ are 
hydroxybenzoic add, phenyl p^iydroxybsnzoate, p-acetoxybenroic acfd and isobutyl p-T 
aceto^rbenzoate. Monomers from which groups of Formula IJ are derivable Include terephthaUc acid 
. iSSTh^^^^^^^^ '''^.^^"^ terephthalate. diethyl Isophthalate, methylethyl terephthaS^^Snd ?K 
5 iMbiJt^^ half ester of terephthalic add. Among the compounds from which groups of Formula m result 
are p.p'-bisphenoJ; p^p'^xybfsphenol; 4,4'^lhydroxYben2Qphenone; r^sorclngf and ll^^ulor^ 
^ p8"iP"e« of monomers which yield groups represented by Formula IV are 6-hvdroxv-1 -naphthoic 

f^i** P^^';^^' 54iydroxy-l^aphthoate. Monomers s^hJch yield groupe 
1 n ^rid 1 1 n^nh^ V Include 1 ,4.riaphtfialenedIcart>oxylic acid; 1 .B-naphthalenedicarboxyllc aSd 

f "^2,6-naphthalenedicarboxync acjd. The diphenyl esters or dicarbonyl chloKdea of these adds can 
alTO be used. Examples of monomers which yield groups of Formula VI are 1 .4-dthydroKynaDhthalene- 
2,6-dIacetoxynaphthalene and 1 ,5-dihydroxynaphthaIene. .-^inxyroKynapntnaiene. 

oxybe^^J^poVeS''^ ^ "^^^^ invention are monome.^ which yield 

nen«rIl'Jw r^^tl^il^^^^^^ "^^Y ^.^.f^P^^^ by the procees of the pieaent Invention 

generally contain repeating units of Formula VII: 



tVII) 



15 




where p is an Integer of from 3 to 600. 

Prefen-ed oxybenzoyl polyesters ere those of Fom)u<a Vlllj 



10 



15 



20 



25 



30 




OR* 



(VTEX) 



wherein R is selected from benzoyl, lower alkanoyl. or preferably hydrogen; ie hydrooen, benzyl 
rower alkyl, or prefe*ebly phenyl; and p is an Integer from 3 to 600 and preferably 30 to 200 These 
values of p cortespond to a molecular weight of 1 ,000 to 72,000 and preferably 3,500 to 25.000. The 
synthesis of these polyesters Is described in detail In US, Patent Application Serial No. 6 1 9,577. filed 
March 1 . 1 967, anjJ now abandoned, entitled "Polyesters Sased on Hydroxybenzoic Adds". This 
application fs referred to In US. Patent No. 3,666.300. 

IX andX^^*^ Purred oxybenzoyl polyesters ere copolyesters containing recumng units of Formulas VII, 



(IX) 




'^n _| r 



CX) 



20 



25 



30 



wherein X is^-O— or — 50^— : m Is 0 or! ? n la 0 or 1 ; qrr^l 0:1 5 to 1 5:10; pxi=i1 :10O to 1 00;1 • 
P;i?'I;T^x5^ ^"^ preferably 20 to 200. The carbonyl groups of the moiety of Formula Vll or Dc'are 
v™ 11^^^ ""^'^^ Formula Vll or X; the oxy groups of the moiety of Formula Vll or 

X are linked to the carbonyl groups of the moiety of Formula Vll or IX 
35 The prefterred copolyesters are those containing recun-ing units of Formula XI: 



35 
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The synthesis of these polyesters Is described in detail In U.S. Patent No. 3.637,595, entitled "P^ 
Oxybenroyl Copolyestets". 

The bulk wjndensatlon of aromatic polyesters }s described in the patent rrterature and broadly 
coTOidered rnvolvea an alkanoylation step, for exannple by reacting a dlcart)oxylic acid, hydroxybenwfc 
5 aod and a diol In the presence of an acid anhydride, a prepolymerization step in which the reaction 5 
product of the first step Ta polycondensed to prepare a prepolymer and a polymerization step in which 
tne prepolymer 1$ heated to produce a polycondensate having the desired degree of polymerization* 

TTie polyesters useful In the present Invention can also be chemically modified by various means 
such as by Inclusion m the polyeeter of monofunctlonal reectanta auch as benzoic acid or tri- or higher 
10 functionar reaotanta such as trimesic acid or cyanuric chloride. The benzene rings in the^ polyesters 1 0 
are preferably ur>substftuted but can be substituted with non-Interferino substltuents, examples of 
which include helogen such as chlorine or bromine, lower alkoxy such as methojty and lower allcyl such 
as methyl. 

The phosphite can be an organic or inorganic phosphite. However, the use of an organic 
1 5 phosphite, such as an alkyi phosphite, an aryl phosphite, an alkyl-aryl phosphite or a di- or 15 
polyphosphite is prefen^d. Examples of phosphites which can be employed are difsooctyl phosphite 
drstearyl phosphite (solid), trflsodecyl phosphite, triisooctyl phosphite, trilauryl phosphite, diphenyl 
phosphite, tiTsnonylphanyl phosphite, triphanyl phosphite, diphenylisodecyl phosphite, diphenylisooctyl 
phosphite, phenyldllsodecyf phosphite, dilsodecyl penteerythrttol diphogphite. tetraphenyl 
20 wpropyleneglycol diphosphite, poly(dlpropyleneglycol) phenyl phosphite, dHauryl phosphite, ethyl hexyl 20 
diphenyl phosphfte. phenyl neopentyJglycol phosphite, dllsooctyl octylphenyl phosphite and distearyl 
pentflerythrftoi diphosphrte (flake). 

While the phosphite can be added at any stage of the reaction procedure, ft has been found to be 
particularly effective, and to provide markedly superior properties in the articles molded from the 
aromatic polyester resin, if the phosphite fs added shortly before, for example above five minutes 25 
before, the prepolymer Is transfcn-ed to the next stage, as by dumping Into an (nsulated tray wherein an 
mtermediate stage of polymerization takes place before the resin is transferred to suitable equipment, 
for example a rotary heating drum, for advancement to the desired stage of polymerization. 

In another approach to the determination of the optimum point for addition of the phosphite, it 
30 has been found that the phosphite can most advantageously be added at about 95% conversion as 30 
Indicated by the distiilate yield of acetic acid. 

The phosphite can be added as solid flakes or as a liquid melt at a temperature above the jnelting 
point of the phosphite. It is else possible to add the phosphite in a solution In acetic anhydride when 
Incorporation Is affected at a lower temperature. Addition In melt form is In general preferred. 
35 The amount of phosphite added rs dependent on the purity of the monomer. The purer the 35 
monomer, the less phosphite need be edded to achieve the desired result. The purity is related to the 
phenol and the amount of phenol employed and to the amount of ash produced. Where there is a 
higher ash content, increased amounts of phosphite will be required to achieve optimum results, which 
requires a balancing of tfie achievement of the optimum levels for the achievement of optimum rosultG 
40 in achieving the desired color and the desired level of themnal stability. 4q 
Broad V* the phosphite has been edded over a range of from about 0.05 parts by weight per 
hundred parts by weight of rasin (phr) to about 0.5 phr, preferably about 0.1 to 0.25 phr, with 0.125 
phr representing the optimum proportion. 

The Invention will be illustrated further by reference to the following Examples, in which Example 
45 1 provides a control In which no phosphhe is added. 



Example 1 (control) 

A charge of 207.3 g (1 .096 motes) of 4,4'-dlhydn5xybrphenyl (Assay d8.S%), 307.6 0 (2-23 
moles) of 4-hYdroxyben2olc add, 1 85 g ( 1 . 1 1 moles) of terephthalic acid and 498 g (4.88 moles, 1 0% 
excess) of acetic anhydride was refluxed with stining for three hours. The contents of the reactor wei« 

60 then blanketed with nitrogen and the mixture heated at an average rate of 30»C/hr to asS'C and held 50 
for one-half hour at this temperature. At this point, the reaction mixture was dumped Jmo a "Pyrex" 
(Reglsierad Trade Mark) dish lined wFth aluminium foil and the resulting prepolymer ground and passed 
through a 20 mesh screeri. 

The prepolymer (5.484 g) was inserted Into a tube fumace already preheeted to 229*C. With a 

55 slight nitrogen sweep the temperature of the material was raised to 360*C in four hours and held at ss 
aeO^C for one hour. 

After cooling, the material was weighed end the weight loss from prepohrmerto advanced 
polymer was found to be 3.6%. This polymer showed a peak endotberm at 41 7*C as determined by 
differemial scanning calorimetry (DSC) under nitrogen. The resin Showed a total weight loss In air of 
60 3-696 when heated at 400'»C for three hours using thormogravi metric analysis (TQA). The rate of m 
weight loss at 400 ^ C in air was 1 .2%/hr after the first hour. 

Example 2 illustrates the effect of the addition of 0.28 pph of distearyl pentaerythrltol diphosphlta 
fo prepolymer melt before dump. 
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ExamplQ 2 

The aharge and process were the same in Exemple 1 except that at a point five minutes prior 
to the prepofymer dump, 1 .75 g (0.28 pph based on theoretical advanced polymer yield) of dlstearyl 
pentaer/thritol diphosphite was added to the prepolymer meft. 
5 This prepolymer, after grinding and screening, was also advanced under a nitrogen sweep by the 5 
process described m Example 1 . This time, the weight loss from 6.1 84 g of the prepolymer was found 
to be 5. 1 7% from prepolymer to advanced polymer. The peak endotherm by differential scanning 
celorimetry was found to be at 41 O^C. The weight loss of this resin as determined by TQA was only 
0.7% afterthree hours at 400*»C in air. The rate of weight loss after the firet hour was only 0.2Vhr 
1 0 compared to 1 .2%/^r as with the control sample. 1 0 

Examples 3 and 4 compare the resuite obtained without (Example 3} end with (Example 4} 
addition of disteeryi pentaerythritol diphosphite to prepolymer in a rotary drum prior to advancing. 

Example 3 (control] 

A mixture of 301.1 9 {2.18 moles) of 4-liydroxybenzoic acid, 1 81. OB g (1.09 moles) of 
1 5 terephthalic acid, 203.88 g ( 1 .09 moles. Assay 99<5%) of 4,4'-dihydToxybiphenyl and 526 g (5.1 5 1 5 

moles. 1 e% excess) of acetic anhydride was ref luxed for four hours. Under a nitrogen blanket, the 
mixture was heated at a rate of 40'*C/hr until 97^2% of the total thereotlcal distillate (including excess 
anhydride) was obtained. At this point the temperature In the reactor had reached 340**C. The contents 
of the reactor were dumped into en aluminum pan, allowed to coof and ground in a \A/Iley Mill through 
20 a ^ nim screen. A yield of 503 g was obtained. 20 
This prepolymer was then advanced without addition of dlstearyl pentaerythritol diphosphite In a 
rotary drum. 

A total of 200 g of the prepolymer was pieced in the rotary drum and heated et a rate of 44®C/hr 
under a nitrogen sweep of 6 SCPH and a rotation of 1 5 rpm. When the tempcratura of the resrn 
25 reached 354**C. the material was held at 354**C for ona hour and tlien cooled rapidly. The yield of ^ 25 
advanced polymer was 959^. The re&n had a peak sndotherm at 420° C and showed a weight toss in 
air of 0.84% at 400*^0 after three hours (TGA). The rate of weight loss wes 0.1 8%Air after the first 
hour. 

Ekamp)e4 

30 A mixture of 200 g of prepolymer obtained as described in Example 3 and 0.5 g (0.250 pph) of 30 
dlstearyl pentaerythritol diphosphite was placed In a rotary drum and edvanced as described in 
Example 3. The yield of advanced polymer from prepolymer wes 95.5%. This advanced rosin had a 
peak endotherm at 42 1 ^'C (differential scanning cBlorimetry). The total weight loss at 400*>C In air 
afterthree hours was 0.87% with a rate of weight loss of O.I 4%/hr after the first hour. 

35 Example 5 iHustrstes the effect of adding 0.125 pph dlstearyl pentaerythritol diphosphite to a 35 
prepolymer melt at 95% conversion. 

Example 5 

The charge and the process was the same as in Example 3 except that when the total distinate 
yield was 95% of theoretical (including excess acetic arihydride), 0.81 g (0.125 pph based on 

4Q theoretical polymer weight) of dlstearyl pentaerythritol diphosphite was added. (The temperature of the 40 
rnelt was 330°C at this point). The mbcture was heated further to 340<>C in 1 5 minutes and the reactor 
content dumped into an aluminum pan. A total distillate yield of 588 g (97.4% of theoretical including 
excess acetic anhydride) was obtained and the prepolymer yield was 590 g. 

After grinding and screening of the prepolymer as in &cample 3, 200 g was charged in a rotary 

45 drum and advanced to 354^^0 and held one hour (as in Example 3). The resulting advanced polymer 45 
had a reversible first peak endotherm at 421 *C (differential scanning calorimatry). Total weight loss in 
air after three hours at 400^C (TGA) was 0.75% wHh a rate of weight loss of 0.08%/hr after the first 
hour. This represents a 2.25% fold decrease in the rate of weight loss over the unstabillzed polymer 
and a 1 .75% fold decrease over that of re^n prepared with twice as much dlstearyl pentaerythritol 

50 diphosphite added to the drum. BO 

Example 6 

The charge and the process were the same as In Example B for each of the additives and additive 
levels shown in the TaWe below. The dffferences between additives and additive levels was the only 
variation from the procedure of Example 5. The additives were introduced at the point at which the 
55 total distillate yield was 95% of theoretical (including excess acetic enhydride). The relative weight loss 55 
determined is set forth in the Table. 
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Table 

Other phosphfta itKres and levels^ 



10 



Phosphite 




Pefattve rQte^ of 
weight loss 


Distearyt Pentaerythritol 


0.00 


3.8 


Dlphosphfte 


0.10 


1.2 




0J25 


1.0 




0.260 


1.8 


Trisnonylphenyl Phosphite 


0.126 


1.05 




0^50 


1.83 


Bi6(2.4-DI-t^Buty»ph©nvl) 


0.125 


1.0 


Pentaerythritor 


0.250 


i;2 


Diphosphite 




Dfisodecyr Pentsarythritol 


0.125 


1.2 


Diphosphite 


0.250 


1.2 


Trfphenyl Phosphite 


0.125 


1.5 



10 



20 



'In addition to optimum levsl of phosphite regarding rate of weight loss, too much or too littio 
phosphite additive can affect ths color and homogeneity. The abo^^e examples ar^ based on high 
20 purity-low osh mondmere. 

^Bas© on phosphorus content to give equivalent pph of distearyl pentaerythritol dlphosphhe. 

'Relative rate of weight loss of advanced resin compared to advanced reein using 0.125 of 
distearyl pentaerythritol diphosphite giving 1 .0 rate of weight losa as the standard. 

Claima 

25 1 . A process for preparing an aromatic polyester which oomprisea the heat condensation of 25 

aromatic polyester precursor to form a prepolymer and thereafter advancing the piepolymer to form 
an erometic polyester having the required degree of polymerization, wherein a phosphite compound Is 
Incorporated Into the reaction procedure before completion of the polymerization. 

2. A process according to claim 1 , wherein the polyester contains, as recurritig moieties, at least 

30 ona group selected from groups of the formulae: 30 

Ill JV 




VI 



where X is - 



35 —NHor— SOj 35 

I I 

end n is 0 or 1 and the total of p+q-i-r+s+t+u in the moieties present is from 3 to 800. 

3. A process according to claim 1 or 2, wherein the phosphite compound is an organic phosphite. 

4. A proeess according to claim 3. wherein the pho^ite compound Is distearyl pentaerythritol 
diphosphite. 

40 5. A process according to any one of the preceding claims, wherein the addition of the phosphfte 40 
compound takes place shortly before transfer of the prepolymer to the |;;|plymerization stage. 
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a A prpoass according to any one of cJatms 1 to 4, whereir) the addition of the phosphite 
compound takes place at the point of 95% conversion. 

7. A process according to claim 1 substanUalty as described in Example 2, 4. 5 or 6. 

8. Molded articles of an aromatic polyester prepared by a process as claimed In any one of the 

5 preceding claims. 5 
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